Ectomycorrhizal fungi (ECMF) are partners in a globally distributed tree symbiosis that 3 enhanced ecosystem carbon (C)-sequestration and storage. However, resilience of ECMF to 4 future climates is uncertain. We sampled ECMF across a broad climatic gradient in North 5 America, modeled climatic drivers of diversity and community composition, and then forecast 6 ECMF response to climate changes over the next 50 years. We predict ECMF richness will 7 decline over nearly half of North American Pinaceae forests, with median species losses as high 8 as 21%. Mitigation of greenhouse gas emissions can reduce these declines, but not prevent them.
0
and declines in the relative abundance of C demanding, long-distance foraging ECMF species, 1 1 but warming of eastern temperate forests has the opposite effect. Sites with more ECMF species 1 2 had higher activities of nitrogen-mineralizing enzymes, suggesting that ECMF species-losses spread across North America were chosen with the help of local experts to find mature stands 1 0 0 with high dominance of a single Pinaceae species (Fig. S1 ). Sampling was carried out in 2011 and 2012 near the period of peak plant biomass 1 0 2 production for a given region. In each plot, 13 soil cores were collected from a 40 m x 40 m grid 1 0 3 ( Fig. S1 ). To look at spatial turnover of community and function at the local to landscape scales, 1 0 4 we ensured that each plot had at least one other plot located within a 1-50 km range (Fig. S1B ). At each point in the plot, fresh litter was removed and a 14 cm deep, 7.6 cm diameter soil core 1 0 6 was taken and immediately separated into a humic (O) horizon and mineral (A) horizon. This 1 0 7 7 resulted in a total of 26 soil samples collected per plot (13 sample points x 2 horizons). After 1 0 8 removal, soils were kept on ice until processed. Soils were sieved through a 2 mm mesh to 1 0 9 remove roots and rocks and homogenized by hand. A ~0.15-0.25g subsample was placed directly 1 1 0 into a bead tube from the Powersoil DNA Extraction Kit (MoBio, Carlsbad, CA USA), and the 1 1 1 samples were stored at 4 o C until DNA extraction. Before extraction, samples were homogenized 1 1 2 for 30 seconds at 75% power using a Mini-Beadbeater (BioSpec, Bartlesville, OK USA). A 1 1 3 second subset of soil core x horizon samples were stored in -80 C freezer (within 48 hours of 1 1 4 collection) for soil chemical analysis. Frozen soils were thawed and analyzed for pH in a 1:1 water ratio using a glass electrode. Total University. For site-level values, we took the average of all soil cores processed for each site. Soil chemical variables were included in statistical models but later dropped during model We assayed the potential activities of six extracellular enzymes involved in soil carbon and 1 2 4 nutrient cycling (using methods described in (Talbot et al. 2014 ): B-glucosidase (BG, which 1 2 5 hydrolyzes cellobiose into glucose), polyphenol oxidase (PPO, which oxidizes phenols), To characterize fungal communities we sequenced the internal transcribed spacer (ITS) region of 1 3 4 the nuclear ribosomal RNA genes, the official barcode of life for fungi (Schoch et al. 2012) . Because of improvements in technology during the course of this project, soil samples were 1 3 6 sequenced using two different platforms. Soil samples from twenty-five sites were sequenced via Peay 2014) so that combining samples should not cause any bias in our analyses. Samples sequenced on the 454 platform were cleaned and denoised in QIIME (Caporaso et al. For samples sequenced on the Illumina platform, samples were first trimmed using Cutadapt compositional changes, larger scale climate alteration will result in substantial diversity losses 3 7 5 and gains across North America. The magnitude of ECMF species losses and gains are contingent on the decisions of 3 7 7 human policymakers, though even with mitigation of greenhouse gas emissions the outcomes are species richness and the geographic extent of those declines shrink from 21 to 14% and from 48 3 8 0 to 44% of pine forests, respectively. Conversely, the predicted increase in ECMF diversity and abundance have the potential to increase C sequestration and retention in both far northern and 3 8 2 south/southeastern forests. These increases are also more extensive and intense with higher 3 8 3 greenhouse-gas emissions (Figures 1b, 3, 4) . However, while ECMF differ in foraging and 3 8 4 dispersal strategy and enzymatic abilities, which can lead to positive diversity-seedling growth The most likely functional fallouts for forest ecosystems predicted to lose ECMF 3 9 1 diversity, such as northern and northwest mountain forests, are decreased C sequestration (via 3 9 2 declining productivity (Terrer et al. 2016) ) and decreased C-retention (via relaxed inhibition of 3 9 3 free-living microbes (Averill & Hawkes 2016)). Two lines of evidence from our data support this 3 9 4 functional shift: (1) forests projected to loss ECMF species in altered climates are also projected 3 9 5 to decline in the relative abundance of C-demanding, long-and medium-distance exploration 3 9 6 strategies (Figure 5abc); and (2) sites with higher ECMF species richness have higher activity of 3 9 7 oxidative enzymes associated with N mineralization and the slow-decomposition of soil C 3 9 8 ( Figure 6 ). Thus, the loss of long-and medium-distance foraging strategies could result in less 3 9 9
fixed-C being sequestered below-ground, while decreased enzymatic function associated with 4 0 0 declines in ECMF diversity could compromise the ECMF-associated C-fertilization and Gadgil have the potential to expand and contract the role ECMF play as boosters of forest productivity 4 0 7 and inhibitors of soil respiration by free-living microbes. The authors declare that they have no conflict of interest. Upon acceptance for publication, data will be archived in Dryad. while shading represents the 95% confidence interval after sampling 70% of sites 10 times. A A . 
